Objective. To examine the association between medical home enrollment and receipt of recommended care for Medicaid beneficiaries with multiple chronic conditions (MCC). Data Sources/Study Setting. Secondary claims data from fiscal years 2008-2010. The sample included nonelderly Medicaid beneficiaries with at least two of eight target conditions (asthma, chronic obstructive pulmonary disease, diabetes, hypertension, hyperlipidemia, seizure disorder, major depressive disorder, and schizophrenia). Study Design. We used linear probability models with person-and year-level fixed effects to examine the association between patient-centered medical home (PCMH) enrollment and nine disease-specific quality-of-care metrics, controlling for selection bias and time-invariant differences between enrollees. Data Collection Methods. This study uses a dataset that links Medicaid claims with other administrative data sources. Principal Findings. Patient-centered medical home enrollment was associated with an increased likelihood of receiving eight recommended mental and physical health services, including A1C testing for persons with diabetes, lipid profiles for persons with diabetes and/or hyperlipidemia, and psychotherapy for persons with major depression and persons with schizophrenia. PCMH enrollment was associated with overuse of short-acting b-agonists among beneficiaries with asthma.
METHODS

Sample
The setting for this evaluation was Community Care of North Carolina (CCNC), a regional primary care PCMH program in North Carolina. The program includes 14 not-for-profit care networks that aim to improve quality, efficiency, and cost-effectiveness by connecting Medicaid beneficiaries to PCMHs. As of 2013, CCNC included over 1600 primary care practices in North Carolina, which collectively cared for approximately 1.2 million of the state's Medicaid recipients (Dobson and Hewson 2009) . A 2014 study found that among nonelderly adults with MCC, annual medical home participation was 73.3 percent. On average, this population had 3.5 medical home visits per year, including enrollees without any visits . Providers contract with the North Carolina Department of Medical Assistance to participate in the state's Medicaid primary care case management program, then contract with a local community care network to participate in CCNC. Requirements for participation include providing primary preventive care services, assuring 24-hour coverage, coordinating referrals to specialty care, and participating in care management and quality improvement activities (McCarthy and Mueller 2010) .
While some variation exists between networks, all CCNC practices share a common set of components, including population management tools, disease management, pharmacy management, case management, evidencebased programs and protocols, and regular reporting of performance metrics (Willson 2009 ). Both practices and networks are paid a nominal per-memberper-month payment to help coordinate care and serve as a medical home; this payment is not tied to any quality metric. Beneficiaries may enroll in CCNC at the time of Medicaid eligibility determination by either selecting a local PCMH from a list of options or accepting assignment to a PCMH close to their residence. A similar enrollment process can also be initiated after Medicaid eligibility determination by a beneficiary or by a participating practice with beneficiary consent. Medicaid beneficiaries not enrolled in CCNC receive traditional Medicaid fee-for-service primary care (Dobson and Hewson 2009 ).
This analysis uses the North Carolina Integrated Data for Researchers, a unique dataset from fiscal years 2008-2010 that links North Carolina Medicaid claims with other administrative data sources including Medicaid enrollment data, electronic records of state-funded mental health services, a state psychiatric hospital utilization database, and electronic records from a fivecounty behavioral health carve-out program (Dubard 2013; Domino et al. 2014) . The sample for this analysis is limited to adults between the ages of 18 and 64 with at least two of eight target chronic conditions for which the medical home would have a range of anticipated effects on measures of utilization and quality, including asthma, chronic obstructive pulmonary disease, diabetes, hypertension, hyperlipidemia, seizure disorder, major depressive disorder, and schizophrenia. These conditions were selected based on prevalence, costliness, immediacy of treatment effects, and feasibility of constructing claims-based quality measures. The two mental health conditions were selected specifically because they have well-developed treatment guidelines.
Because PCMH enrollment required Medicaid enrollment during the study period, the sample is limited to person-years with at least partial Medicaid eligibility. Including partial years of Medicaid eligibility increases the generalizability of the study results because a significant proportion of Medicaid beneficiaries change eligibility status at some point during a calendar year. We also conducted a sensitivity analysis requiring continuous yearly Medicaid enrollment to test whether results were driven by individuals enrolled for a full year. Dual enrollees in Medicare and Medicaid were excluded due to potentially incomplete utilization data. We assessed diseasespecific quality measures for subsamples of individuals with diabetes, asthma, hyperlipidemia, hypertension, major depression, and schizophrenia. To confirm diagnoses, we required individuals to have at least two outpatient or ED visits or at least one inpatient visit for a given condition to be included in these subsamples.
Measures
We examined nine claims-based disease-specific quality measures, defined in Table 1 , selected based on Healthcare Effectiveness Data and Information Set (HEDIS) measures, a review of the literature, and observability in administrative claims data. Diabetes-specific quality measures included hemoglobin A1C testing, attention for nephropathy, eye examinations, and liver function tests. Lipid profiles were assessed for individuals with either diabetes or hypertension. Receipt of angiotensin-converting enzyme inhibitor (ACE) or angiotensin receptor blocker (ARB) was assessed for individuals with both diabetes and hypertension. Short-acting b-agonist (SABA) overuse was assessed for individuals with asthma-unlike the other indicators, an increase in this measure indicates a reduction in quality. Psychotherapy was assessed separately for individuals with major depressive disorder and individuals with schizophrenia. Finally, receipt of assertive community treatment (ACT) was assessed for individuals with schizophrenia. ACT involves a communitybased group of medical, behavioral health, and rehabilitation professionals who use a team approach to meet the needs of an individual with severe and persistent mental illness and is considered an evidence-based practice for those at risk of hospitalization. Services are flexible and vary based on an individual's changing needs over time (NC Department of Health and Human Services 2018). Following HEDIS guidelines, each measure is a binary indicator of receipt of a given service during a 12-month period, except for SABA overuse, which was defined as four or more canister equivalents dispensed in a three-month period (Priest et al. 2011) . PCMH enrollment was defined as any period of enrollment during the year. 
Statistical Analysis
We estimated linear probability models with person and year fixed effects to examine differences in the receipt of disease-specific quality measures between individuals ever enrolled and not enrolled in PCMHs during the year. Fixed-effects models control for observed and unobserved time-invariant confounders, such as baseline severity of illness, level of education, or race. Additionally, we controlled for the number of months of Medicaid enrollment in each year. Finally, patient age was included in the fixed-effects models as a time-varying covariate. We conducted sensitivity analyses excluding person-years with 12 months of PCMH enrollment to examine the impact of PCMH enrollment on quality measures for new or intermittent enrollees.
RESULTS
The final sample (Table 2) included 131,036 unique individuals contributing a total of 208,122 person-years. Approximately 70 percent of observations were accounted for by PCMH enrollees. The average age for the full sample was 43, and this was comparable between PCMH and non-PCMH groups. We observed significant differences in other baseline characteristics between the two groups, confirming a need to control for observable and nonobservable time-invariant selection differences using person-level fixed effects. Men accounted for a smaller proportion of observations in the PCMH group (30.20 percent) than in the non-PCMH group (37.60 percent). PCMH enrollees were more likely to be nonwhite; 51.60 percent of beneficiaries in PCMHs were nonwhite compared to 46.30 percent of nonenrollees. On average, PCMH enrollees had 11.32 total comorbidities, compared to 10.17 comorbidities in the non-PCMH group. Of the 8 target conditions, a smaller proportion of PCMH enrollees had a diagnosis of diabetes, hypertension, hyperlipidemia, chronic obstructive pulmonary disease (COPD), seizure disorder, and schizophrenia, and a slightly larger proportion had diagnoses of asthma and major depression compared to non-PCMH-enrolled individuals. In unadjusted comparisons, individuals enrolled in a PCMH were more likely to receive all recommended services but were also more likely to overuse SABAs (Table 3 ). These differences were all statistically significant at the p < .001 level, except for receipt of ACT for individuals with schizophrenia which was not statistically significant. In multivariate fixed-effects models (Table 4) , we found that PCMH enrollment was generally associated with an increase in the likelihood of receiving guideline-concordant care for chronic physical conditions. Among patients with diabetes, PCMH enrollment increased the probability of receiving hemoglobin A1C testing by 9.65 percentage points (p < .001), a proportional increase of 15.69 percent above the mean from observed controls. Attention for nephropathy increased by 5.18 percentage points, a 17.10 percent proportional increase, and eye examinations increased by 8.87 percentage points (all p < .001), a 29.57 percent proportional increase. Liver function tests increased by 1.81 percentage points (p = .026), a proportional increase of 8.74 percent. For the subgroup of patients with either diabetes or hyperlipidemia, PCMH enrollment was associated with a 12.50 percentage point increase in the likelihood of receiving a lipid profile (p < .001), a relative increase of 24.53 percent above observed controls. Among patients with both diabetes and hypertension, PCMH enrollment increased the probability of receiving an ACE/ARB by 14.80 percentage points (p < .001), a 27.79 percent relative increase. However, non-PCMH enrollees were less likely to overuse certain medical therapies for asthma; PCMH enrollment increased the probability of SABA overuse by 2.62 percentage points (p < .001), a 33.59 percent proportional increase above nonenrollees. Patient-centered medical home enrollees were also more likely to receive recommended services for mental health conditions. Enrollment in a PCMH was associated with a 4.36 percentage point increase in the probability of receiving any psychotherapy among patients with major depression (p < .001), an 11.47 percent proportional increase. Among patients with schizophrenia, being enrolled in a PCMH was associated with a 3.10 percentage point increase in the likelihood of receiving psychotherapy (p = .018) and a 1.64 percentage point increase in ACT visits (p = .025), 7.51 percent and 13.12 percent proportional increases, respectively.
Sensitivity analyses excluding 12-month PCMH enrollees produced effect sizes similar to those from the primary models, suggesting that these results were not driven primarily by continuous PCMH enrollees (results available from the corresponding author upon request). The same was true for analyses that limited the sample to beneficiaries with 12 continuous months of Medicaid enrollment; in these models, we saw effects similar in direction to those observed in the primary analysis and slightly smaller in magnitude.
DISCUSSION
Overall, quality-of-care metrics for both mental and physical health conditions generally improved among patients enrolled in a PCMH. PCMH enrollees with diabetes and/or hypertension experienced the largest proportional improvements (in receipt of eye examinations, lipid panels, and ACE/ARB) compared to nonenrolled controls. The effects were large enough to indicate a substantial change in practice patterns, even after controlling for baseline differences between PCMH enrollees and nonenrollees. These findings provide support for the idea that PCMHs can improve quality-of-care metrics for patients with MCC. Notably, SABA overuse among beneficiaries with asthma was an exception to the trend of improved quality metrics; PCMH enrollees with asthma demonstrated an increase in SABA overuse compared to those not in PCMHs. However, this metric captures only medication dispensing and not actual use and therefore may reflect a greater propensity to have adequate (or even excess) inhalers available. This result may be due to the increased patient-physician contact that occurs in PCMHs Chu et al. 2016) . Few previous studies have explicitly examined the effect of the PCMH model on process quality measure performance for chronic illness (Williams et al. 2012) . Several studies have examined interventions that incorporate elements of the PCMH model such as care coordination or patient-centered care without using the designation of "medical home" or "PCMH". To put the magnitude of these findings into context, we compared these results to other studies using claims data to assess the impact of care coordination on quality of care. Prior literature yielded mixed results; a systematic review and metaanalysis of 15 randomized trials assessing the effects of care coordination interventions on quality of care for Medicare beneficiaries reported only scattered significant effects for claims-based disease-specific quality measures for diabetes, including increases in A1C testing (approximately 5 percentage points), lipids panels (between 6 and 7 percentage points), and eye examinations (approximately 7 percentage points; Peikes et al. 2009 ). Compared to these previous findings, we observed larger and more consistent effects, which may be due to the comprehensive nature of the PCMH model.
We found significant differences in baseline characteristics between CCNC enrollees and their non-PCMH counterparts. These differences are likely due to beneficiary self-selection into the program. Particular groups of beneficiaries are not targeted for enrollment; almost all North Carolina Medicaid beneficiaries are given the option to enroll in a PCMH. However, participation in the program is voluntary and patient characteristics influence the decision to enroll. For example, on average PCMH enrollees had one more comorbid condition than nonenrollees, which may be because beneficiaries with more comorbidities opted for the PCMH program, which has higher levels of care coordination. Despite this, for six of the eight target conditions examined here-asthma and depression being the exceptions-beneficiaries not enrolled in a PCMH were more likely to have a diagnosis. Finally, the implications of the quality results for total costs of care are not examined here but would be important in determining the cost-effectiveness of the PCMH model. This study has several limitations. First, our sample is limited to North Carolina Medicaid beneficiaries and the results of this analysis may not generalize to other populations. In particular, our study population consists of traditional Medicaid enrollees in a nonexpansion state. However, these results may also have implications for the Medicaidfunded health home model promoted in the ACA, which has similarities to the PCMH. Second, we defined PCMH participation as any enrollment in a year, which may not capture the effects of extended duration of PCMH contact. However, our definition likely produces a conservative estimate of the association between PCMH enrollment and quality metrics. In related work using the same project data, we found that greater duration of PCMH enrollment was associated with an increased likelihood of receiving guideline-concordant depression care for patients with MCC (Swietek et al. 2018 ). We found a 1.7 percentage point increase in the likelihood of receiving guideline-concordant care at 4 months of PCMH enrollment, as compared to a single month of enrollment (p = .018). This effect increased with each additional month of PCMH enrollment; 12 months of enrollment was associated with a 19.1 percentage point increase in the likelihood of receiving guidelineconcordant care over a single month of enrollment. Aggregation to the annual basis also means that the timing of PCMH enrollment may be confounded with outcomes for partial-year enrollees and does not allow us to tease out the timing of PCMH enrollment from the reported quality measures (i.e., utilization could occur during months not enrolled in a PCMH for partial-year enrollees). Additionally, while fixed-effects analyses supported the causal interpretation of our estimates by controlling for time-invariant factors that affect the outcomes, we were not able to control for unobserved time-variant factors that may differentially affect PCMH enrollment. For example, beneficiaries may enroll in a PCMH when they are symptomatic or when the severity of their condition worsens, which we are not able to measure in claims data.
Despite these limitations, our results suggest that the PCMH model has broad benefits for improving quality of care in patients with MCC. While prior studies indicate potential for the PCMH model to improve care processes for chronic care, previous results have been mixed with heterogeneity in statistical significance and modest effect sizes (Peikes et al. 2009; Williams et al. 2012) . Both the statistical significance and magnitude of our findings suggest that the PCMH model is an effective way to improve chronic illness care in a nonelderly Medicaid population with multiple chronic conditions.
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